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Abstract of JP11004020 

PROBLEM TO BE SOLVED: To improve the 
light-emitting efficiency of a semiconductor light- 
emitting element by improving the arrangement and 
structure of a current block layer for limiting a 
current directly under a light take-out electrode. 
SOLUTION: A current block layer 7 provided 
directly under a transparent electrode 9 is formed by 
a semiconductor layer having a band gap larger than 
a light-emitting wavelength and containing Al. An 
oxide film is formed on the surface of the current 
block layer 7 or near the surface in the process of 
forming the transparent electrode 9 containing 
oxygen such as an ITO film, by forming the current 
block layer 7 through the semiconductor layer and 
current blocking acts effectively. The diameter of an 
electrode 20 for bonding is made smaller than the 
diameter of the current block layer 7, and emitted 
light is taken out effectively. Further, for the 
oxidized current block layer 7, pressure resistance is 
raised, thus it is formed thin and step cut is hardly 
generated at the time of forming the transparent 
electrode 9 on the current block layer 7. Adhesion is 
improved by interposing a thin Zn layer 8 between 
the transparent electrode 9 and an ohmic layer 6. 
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Description of corresponding document: US6121635 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor light-emitting element and its manufacturing methc 
a semiconductor light-emitting device and, more particularly, to a semiconductor light-emitting eleir 
having a transparent electrode and its manufacturing method. 

FIG. 22 shows a longitudinal-sectional structure of a semiconductor light-emitting element to which 
present invention is directed. An AuGe n-type electrode (substrate-side electrode; to be referred to a: 
electrode hereinafter) 29 is formed on the first major surface of an n-GaAs substrate 28. Semiconduc 
layers are stacked in turn on the second major surface of the n-GaAs substrate 28 by, e.g., metal org* 
chemical vapor deposition (to be referred to as MOCVD hereinafter) or the like. That is, an n-GaAs 
layer 27 is grown on the second major surface. A reflection layer 26 made up of 10 pairs of n-GaAs/ 
In0.5 A10.5 P films is grown on the surface of the buffer layer 27. An n-In0.5 A10.5 P cladding layer 
cladding layer) 25 is formed on the surface of the reflection layer 26. An In0.5 (Ga0.55 A10.45)0.5 F 
layer 24 is formed on the surface of the n-cladding layer 25. A p-In0.5 A10.5 P cladding layer (p-cla< 
layer) 23 is formed on the surface of the active layer 24. The p-cladding layer 23, active layer 24, an 
cladding layer 25 make up a light-emitting layer 30 having a doublehetero structure. A current diffiu 
layer 22 is formed on the light-emitting surface of the light-emitting layer 30, and a p-GaAs ohmic-c 
layer 21 is grown on the current diffusion layer 22. An Au p-type electrode (light output electrode; t< 
referred to as a p-electrode hereinafter) 20 is formed on the ohmic-contact layer 21. These semicond 
layers are formed by, e.g., MOCVD. 

A p-type semiconductor layer normally has low resistivity. Hence, when the p-electrode 20 for curre 
injection and active layer 24 are located at neighboring positions, i.e., when the current diffusion lay 
is not formed, currents spread little, and those portions immediately below the p-electrode 20 and ne 
electrode readily emit light. As a result, the luminous efficiency lowers considerably. 

When currents are concentrated, the forward-bias voltage rises. In order to allow easy spread of curr 
current diffusion layer 22 having relatively low resistance and low absorption with respect to the em 
wavelength is often formed. Furthermore, in order to remove light emission immediately below the ] 
electrode 20, a light-emitting element which has a current blocking layer for blocking currents, betw 
the doublehetero structure and the current diffusion layer, and requires two growth processes, has be 
proposed. Since the surface of the current blocking layer serves as the surface to be regrown, the cur 
blocking layer is normally formed of a layer containing no Al to avoid problems such as oxidation. 

For the current blocking layer containing no Al, GaAs, GaAsP, InGaAs, InGaAsP, and the like may 
used. For example, in an InGaAlP-based semiconductor light-emitting element, GaAs is used as a 
multilayered film formed on the uppermost surface. Since GaAs is not transparent to the emission 
wavelength in the InGaAlP -based semiconductor light-emitting element, a thin GaAs layer is formec 
However, absorption occurs, and light emitted near the peripheral portion below the current blocking 
cannot be effectively output, resulting in low luminous efficiency. 

As the current diffusion layer, a GaAlAs layer is used. However, since the GaAlAs layer has a carrie 
concentration of about 2E18 cm@-3 and a resistivity as high as 7E-2Q cm, spread of currents injecte 
from the p-electrode is insufficient, and light emission cannot spread to the entire surface. For this re 
especially in a green InGaAlP-based semiconductor light-emitting element, the element peripheral p 
that does not emit light becomes an absorption band of the emitted light, and light emission is obsen 
an exit in the lateral direction, i.e., in a direction parallel to the active layer while being shifted to lor 
wavelength. For this reason, this semiconductor light-emitting element is mounted on a frame withoi 
reflection plate so as not to leak lateral light emission via a lens, hence, light in the lateral direction c 
be effectively used, resulting in low luminous efficiency. 
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Also, the active layer of a light-emitting diode (LED) using an InGaAlP-based semiconductor to wh: 
present invention is directed is not doped with any impurity intentionally, and as a consequence, the 
layer is of n-type having a carrier concentration of about 1E16 cm@-3. Hence, the LED has an n-n(S 
doublehetero structure (see FIG. 22). In this case, as shown in FIG. 22, the minority carriers injected 
the active layer are not electrons 3 1 but holes 32. The luminous efficiency of the LED depends on th 
minority carrier lifetime. The luminous efficiency of the LED is improved as the minority carriers h* 
less probability of nonradiative recombination in the active layer, i.e., as they have longer lifetime. I: 
case, since the minority carriers are holes, which normally have a short lifetime, improvement of lun 
efficiency is limited. 

One of semiconductor light-emitting elements to which the present invention is applied has a transp* 
electrode and current blocking layer, as shown in FIG. 24. In such light-emitting element, an AuGe i 
electrode 202 is formed on the first major surface of an n-GaAs substrate 201, and a plurality of 
semiconductor layers are stacked on its second major surface by MOCVD. 

An n-GaAs buffer layer 203 is formed on the second major surface of the substrate 201, and an n-Ga 
In0.5 A10.5 P reflection layer 204, n-In0.5 A10.5 p cladding layer 205, In0.5 (Ga0.55 A10.45)0.5 P a< 
layer 206, and p-In0.5 A10.5 P cladding layer 207 are formed in turn on the buffer layer. The n-cladc 
layer 205, active layer 206, and p-cladding layer 207 form a doublehetero layer 200. 

A p-Ga0.2 A10.8 As current diffusion layer 208 and p-GaAs ohmic-contact layer 209 are formed in t 
the top surface of the doublehetero layer 200, and an AuZn p-electrode 210 is formed on the surface 
contact layer 209. 

As described above, the element to which the present invention is directed uses a GaAlAs-based 
semiconductor as the current diffusion layer 208. However, the resistivity of this layer 208 is too hig 
obtain sufficient spread of currents. For this reason, currents concentrate on the p-electrode 210. As ; 
result, the internal quantum efficiency lowers due to heat generation, or the p-electrode 210 absorbs 
resulting in low light output efficiency. 

As described above, the light-emitting element shown in FIG. 22 has low luminous efficiency. On tfc 
other hand, the light-emitting element shown in FIG. 24 has low internal quantum efficiency and lig] 
output efficiency. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a semiconductor light-emitting element , 
manufacturing method, and a semiconductor light-emitting device, which have high luminous efficie 
high internal quantum efficiency and light output efficiency. 

The present invention is directed to a semiconductor element which has a transparent element contai 
oxygen and formed on the entire light-emitting surface, wherein a current blocking layer formed 
immediately below the transparent electrode is formed of a semiconductor layer which contains alun 
(Al), and has a bandgap equal to or higher than the emission wavelength. 

Since the current blocking layer is formed of the semiconductor layer which contains aluminum (Al] 
has a bandgap equal to or higher than the emission wavelength, an oxide layer forms on or near the s 
of the current blocking layer in a process of forming the transparent electrode containing oxygen, an 
current blocking layer effectively works. 

Also, according to the present invention, the diameter of a bonding electrode is set to be smaller thai 
of the current blocking layer. 

Light emission produced by currents flowing into the inner side near the current blocking layer can 1 
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effectively output by setting the electrode diameter to be smaller than that of the current blocking laj 
since the current blocking layer is transparent to light emission. Furthermore, since the oxidized cun 
blocking layer has higher breakdown voltage than that of a semiconductor layer having an equivalen 
thickness, it can be formed with a smaller thickness, and can improve step coverage upon forming th 
transparent electrode on the blocking layer. 

Furthermore, according to the present invention, a thin Zn layer or a Zn layer containing Au is interf 
between the transparent layer and ohmic-contact layer. 

Since the thin Zn layer or Zn layer containing Au is interposed, the adhesion can be improved. In so] 
cases, Zn may diffuse into the current blocking layer in a heating process or the like in the element 
formation processes, and the current blocking layer may not effectively function. However, since th* 
semiconductor layer containing oxidized Al is formed, Zn diffuses little, and the current blocking la? 
functions effectively. Since the transparent electrode is formed, the element can be mounted on a fra 
with a reflection plate, thus improving light output efficiency of the light emitted. 

Moreover, according to the present invention, in a semiconductor light-emitting element which has £ 
current blocking layer containing Al, and a Zn layer between a transparent electrode and ohmic-cont 
layer, and uses InGaAlP as an active layer material, the active layer uses a p-type semiconductor has 
carrier concentration of about 5E16 cm@-3 to 2E17 cm@-3 by doping zinc (Zn), cadmium (Cd), be] 
(Be), magnesium (Mg), or carbon (C) thereto. 

Since the active layer uses the p-type semiconductor, green-, yellowish green-, yellow-, orange-, and 
emitting diodes with greatly improved luminous efficiency can be obtained. 

Alternatively, a semiconductor light-emitting element according to the present invention comprises i 
semiconductor substrate, a light-emitting layer which is formed on the semiconductor substrate and ] 
doublehetero structure including a cladding layer and active layer to form a p-n junction, a current 
blocking layer formed on the light-emitting layer, and a transparent electrode formed on the current 
blocking layer, and the distance between the active layer and current blocking layer falls within the i 
from 0.3 .mu.m to 3.0 .mu.m. 

Since the distance between the active layer and current blocking layer falls within the range from 
0.3 .mu.m to 3.0 .mu.m, the current blocking layer can effectively suppress concentration of currents 

Note that a current diffusion layer having a different crystal structure from that of the light-emitting 
is preferably formed between the light-emitting layer and current blocking layer. 

A semiconductor light-emitting layer according to the present invention comprises a semiconductor 
substrate, a light-emitting layer which is formed on the semiconductor substrate and has a doublehet- 
structure including a cladding layer and active layer to form a p-n junction, a current blocking layer : 
on at least a portion of the light-emitting layer, a current diffusion layer formed on the light-emitting 
and current blocking layer, and a transparent electrode formed on the current blocking layer, and the 
distance between the active layer and current blocking layer falls within the range from 0.3 .mu.m to 
3.0 .mu.m. In this way, the current diffusion layer may be formed on the upper surface of the currenl 
blocking layer. 

When the thickness of the semiconductor light-emitting element is 150 .mu.m or less, the element ce 
separated from the wafer by breaking. 

Also, according to the present invention, high luminous efficiency can be assured even when the 
semiconductor light-emitting element has a chip size of 250 .mu.m or less. 

When the edge portion of the transparent electrode is located inside the chip edge portion of the 
semiconductor light-emitting element, the distance between the light-emitting layer and transparent 



file://D:¥Kitajima¥My%20Documents¥EPOV3¥JP1 1 004020.html 



2006/07/03 



JP 11004020 



5/16 s<— v 



electrode is increased, and the element can be protected from static damage arising from attachment 
e.g., dust. 

Note that the transparent electrode may have either a circular or polygonal shape. 

Such semiconductor light-emitting element can be manufactured by a manufacturing method compri 
the step of growing, on one major surface of a semiconductor substrate, a light-emitting layer with a 
doublehetero structure including a cladding layer and active layer to form a p-n junction, the step of 
forming a current blocking layer on the light-emitting layer with a distance from the active layer fall 
with a range from 0.3 .mu.m to 3.0 .mu.m, and the step of forming a transparent electrode on the cur 
blocking layer. 

Note that the method preferably further comprises the step of forming a current diffusion layer havir 
different crystal structure form that of the light-emitting layer between the light-emitting layer and c 
blocking layer. 

In summary, as the distance between the active layer and current blocking layer falls within the rang 
0.3 .mu.m to 3.0 .mu.m, concentration of currents in a portion below the electrode can be suppressed 
luminous efficiency can be assured even when the chip size is reduced, and a cost reduction can also 
attained as a result of an element area reduction. 

When the edge portion of the transparent electrode is located inside the chip edge portion, static darr 
arising from dust or the like can be prevented, and ESD breakdown voltage can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elemi 
according to the first embodiment of the present invention; 

FIG. 2 is a plan view of the semiconductor light-emitting element shown in FIG. 1 ; 

FIG. 3 is a sectional view showing the structure of a semiconductor light-emitting element according 
second embodiment of the present invention; 

FIG. 4 is a graph showing the dependence of the luminous efficiency on the carrier concentration in 
active layer in the semiconductor light-emitting element shown in FIG. 3; 

FIG. 5 is an explanatory view showing the band structure of the semiconductor light-emitting elemei 
shown in FIG. 3; 

FIG. 6 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elemi 
according to the third embodiment of the present invention; 

FIG. 7 is a sectional view of a semiconductor substrate for explaining the cutting method of a 
semiconductor light-emitting element according to the fourth embodiment of the present invention; 

FIGS. 8A and 8B are respectively a plan view and longitudinal sectional view showing the structure 
semiconductor light-emitting element according to the fifth embodiment of the present invention; 

FIG. 9 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elem< 
according to the sixth embodiment of the present invention; 

FIG. 10 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elen 
according to the seventh embodiment of the present invention; 



file://D:¥Kitajima¥My%20Documents¥EPOV3¥JP1 1 004020.html 



2006/07/03 



JP1 1004020 



6/16 <<— v 



FIG. 1 1 is a plan view of the semiconductor light-emitting element shown in FIG. 10; 

FIG. 12 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elen 
according to the eighth embodiment of the present invention; 

FIG. 13 is a plan view showing the semiconductor light-emitting element shown in FIG. 12; 

FIG. 14 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elen 
according to the ninth embodiment of the present invention; 

FIG. 15 is a plan view showing the semiconductor light-emitting element shown in FIG. 14; 

FIG. 16 is a longitudinal sectional view showing the structure of a semiconductor light-emitting elen 
according to the 10th embodiment of the present invention; 

FIG. 17 is a plan view showing the semiconductor light-emitting element shown in FIG. 16; 

FIG. 18 is a plan view of a semiconductor light-emitting element according to the 1 1th embodiment 
present invention; 

FIG. 19 is a plan view of the semiconductor light-emitting element when a circular ITO film is repla 
a polygonal one; 

FIG. 20 is a graph showing the relationship between the distance between the active layer and currer 
blocking layer, and luminous efficiency in the semiconductor light-emitting element of the seventh 
embodiment, and that to which the present invention is applied; 

FIG. 21 is a graph showing the relationship between the semiconductor chip size and luminous effic: 
in the semiconductor light-emitting element of the seventh embodiment, and that to which the presei 
invention is applied; 

FIG. 22 is a sectional view showing the structure of a semiconductor light-emitting element to whicl 
present invention is directed; 

FIG. 23 is an explanatory view showing the dependence of the luminous efficiency on the carrier 
concentration in the active layer in the semiconductor light-emitting element shown in FIG. 22; and 

FIG. 24 is a sectional view showing the structure of another semiconductor light-emitting element to 
the present invention is directed. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will be described hereinafter with reference to f 
accompanying drawings. 

The first to sixth embodiments aim at improving luminous efficiency. A semiconductor light-emittin 
element according to the first embodiment of the present invention has a structure, as shown in FIGS 
and 2. FIG. 1 is a longitudinal sectional view of the semiconductor light-emitting element, and FIG. 
plan view of the element. Note that FIG. 1 is a longitudinal sectional view taken along a line A— A ir 
2. 

A 0.5-.mu.m thick n-GaAs buffer layer 1, a 0.76-.mu.m thick reflection layer 2 consisting of 10 pair: 
GaAs/n-In0.5 A10.5 P films, a 0.6-.mu.m thick n-In0.5 A10.5 P cladding layer 3, a l.O-.mu.m thick, : 
doped In0.5 (Ga0.55 A10.45)0.5 P active layer 4, a l.O-.mu.m thick p-In0.5 A10.5 P cladding layer 5 : 
O.Ol-.mu.m thick p-GaAs ohmic-contact layer 6, and an n-In0.5 A10.5 P current blocking layer 7 ha^ 
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thickness of 0.01 .mu.m to 0.2 .mu.m are sequentially grown on the surface of a 250-.mu.m thick n-< 
substrate 10 by, e.g., MOCVD. After that, the current blocking layer 7 portion corresponding to an 
energization region is selectively removed to expose the p-GaAs ohmic-contact layer 6 using hot 
phosphoric acid or sulfuric acid via a photoresist process, thereby forming a current blocking layer 7 
having a diameter of about 110 .mu.m located at nearly the center of the substrate 10. Subsequently, 
photoresist is removed, and the structure is washed and dried. 

A Zn layer 8 having a thickness of 1 to 4 nm is deposited on the entire surface of the GaAs ohmic-cc 
layer 6 as well as the surface of the current blocking layer 7 using AuZn metal. Then, a 100-nm thicl 
indium oxide (In2 03)-tin oxide (Sn02) film (to be referred to as an ITO film hereinafter) 9 is depos 
by a sputtering device by supplying a gas mixture of Ar and oxygen (pressure ratio of 100:1) in a vai 
of about 1E-3 torr, and heating to a temperature of 150 DEG C. to 200 DEG C. Furthermore, after a 
nm thick AuGe electrode 29 is formed on the n-GaAs substrate 10 side, and a 1.2-.mu.m thick Au fi] 
formed on the ITO film 9, the structure is subjected to a heat treatment in Ar atmosphere at about 43 
C. for about 15 min. After the heat treatment, the Au film is patterned to have a diameter smaller tha 
of the current blocking layer 7, i.e., about 100 .mu.m, thus forming a bonding p-electrode 20. Finall) 
structure undergoes scribing and breaking from its rear surface side in units of 150-.mu.m squares us 
scribe device having a diamond stylus, so as to cut and separate the substrate in units of semiconduc 
light-emitting elements (pellets). 

A bonding wire 1 1 connected to an external terminal (not shown) to be connected to a power supply 
connected to the p-electrode 20. A light-emitting layer 30 is constituted by the n-cladding layer 3, ac 
layer 4, and p-cladding layer 5. The p-electrode 20 is formed at nearly the center of the current bloct 
layer 7, and a diameter difference d between them is roughly three times a distance x from the currei 
blocking layer 7 to the active layer 4 (d.gtoreq.lOx). 

A green semiconductor light-emitting element manufactured via the above-mentioned processes has 
improved adhesion with a transparent electrode as compared to an element using a current blocking '. 
containing no Al. The current blocking layer containing no Al may lose its function after a heat treat 
in, e.g., an electrode formation process or the like. By contrast, the current blocking layer containing 
does not suffer any breakdown voltage drop even after the heat treatment. 

Also, the adhesion between the GaAs contact layer and ITO film, and that between the current block 
layer containing Al and ITO film can be further improved by interposing the Zn layer 8. For this rea 
cracking and peeling upon chipping and breaking during scribing from the surface using a scribe de> 
can be remarkably avoided, and elements can be formed using the scribe device. 

Note that the adhesion increases as the Zn layer has a larger thickness. However, in such case, since 
absorption exponentially increases, about 5 nm are the maximum thickness that does not cause any 
luminous efficiency drop. If the Zn layer thickness exceeds 5 nm, luminous efficiency drop occurs 
considerably. Since the element adopts a structure formed with a transparent electrode, the need for j 
current diffusion layer can be obviated. In addition, since the grown layers have very small thicknes! 
yield upon breaking can be greatly improved. 

Furthermore, the blocking layer has a structure transparent to light emission, and the bonding p-eleci 
formed with a small electrode diameter, so that the diameter difference between the p-electrode and 
blocking layer becomes three times or more the distance from the surface to the light-emitting layer, 
this structure, light emission produced by currents flowing to the portion below the blocking layer 
peripheral portion can be effectively output. As a result of analysis of the surface of the current bloc) 
layer using a secondary ion-mass spectrometer, by forming a transparent electrode such as ITO cont; 
oxygen, a strong aluminum oxide film is formed, and the blocking layer functions effectively. The 
functions of the current blocking layer never deteriorate by diffusion of Zn to improve the adhesion, 
diffusion of Zn doped in the active layer to improve the luminous efficiency. Zn may be doped in th< 
active layer at 6E17 or more if only deterioration of the functions of the blocking layer is considered 
such amount is not preferable if the luminous efficiency and reliability of the semiconductor light-er 
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element are also considered. Upon conducting high-current density reliability tests at 50 mA, the cui 
blocking layer functioned sufficiently. 

In this embodiment, the Zn thin-film layer is formed by deposition based on resistive heating. 
Alternatively, the Zn thin- film layer may be continuously formed using a sputtering device used for 
forming a transparent electrode, thus improving the adhesion between the element surface and transj 
electrode. In the above embodiment, Au is etched upon forming the bonding electrode. Alternatively 
the bonding electrode is formed by, e.g., the lift-off method, the relationship between the diameters < 
current blocking layer and p-electrode can be improved. 

Upon observation of light emission in the lateral direction of the element obtained by this embodime 
i.e., in a direction parallel to the active layer, the observed light had the same emission wavelength a 
output from the surface, i.e., in a direction perpendicular to the active layer. When this element was 
mounted and bonded to a frame with a reflection plate, a light-emission output 130% that of a conve 
element could be obtained. 

The second embodiment will be explained below with reference to FIGS. 3 to 5. 

FIG. 3 is a sectional view of a semiconductor light-emitting element, and FIG. 4 shows the dependei 
the luminous efficiency on the carrier concentration in the active layer in the semiconductor light-en 
element. Note that the ordinate in FIG. 4 plots the luminous efficiency (%), and the abscissa plots th 
carrier concentration of the active layer. FIG. 5 shows the bandgap of a light-emitting layer of the 
semiconductor light-emitting element shown in FIG. 3. A 0.5-.mu.m thick n-GaAs buffer layer 1, a ( 
.mu.m thick n-In0.5 A10.5 P cladding layer 3, a 0.6-.mu.m thick p@- -In0.5 (Gal-x Alx)0.5 P active 
12, a 0.6-.mu.m thick p-In0.5 A10.5 P cladding layer 5, a O.Ol-.mu.m thick p-GaAs ohmic-contact la 
and an n-In0.5 A10.5 P current blocking layer 7 having a thickness of 0.01 .mu.m to 0.2 .mu.m were 
sequentially grown on the surface of a 250-.mu.m thick n-GaAs substrate 10 by, e.g., MOCVD or th 
After that, the current blocking layer was shaped so that the current blocking layer 7 having a diame 
about 111 .mu.m was located at nearly the center of the substrate 10. Subsequently, a Zn layer 8 hav 
thickness of 1 to 4 nm was deposited on the entire surface of the GaAs ohmic-contact layer 6 as well 
surface of the current blocking layer 7 using an AuZn metal. Then, a 100-nm thick ITO film 9 was 
deposited by a sputtering device by supplying a gas mixture of Ar and oxygen (pressure ratio of 100 
vacuum of about 1E-3 torr, and heating to a temperature of 150 DEG C. to 200 DEG C. 

After a 200-nm thick AuGe electrode 29 was deposited on the n-GaAs substrate 10 side, and a 1.2-.r 
thick Au film was deposited on the ITO film 9, the structure was subjected to a heat treatment in Ar 
atmosphere at about 430 DEG C. for about 15 min. After the heat treatment, the Au film was pattern 
have a diameter smaller than that of the current blocking layer 7, i.e., about 100 .mu.m, thus forming 
bonding p-electrode 20. Finally, the structure underwent scribing and breaking from its rear surface ; 
units of 150-.mu.m squares using a scribe device having a diamond stylus, so as to cut and separate 1 
substrate in units of semiconductor light-emitting elements (pellets). A bonding wire (not shown) 
connected to an external terminal (not shown) to be connected to a power supply is connected to the 
electrode 20. The n-cladding layer 3, active layer 12, and p-cladding layer 5 form a light-emitting la; 
The p-electrode 20 is formed at nearly the center of the current blocking layer 7, and the diameter 
difference between them is approximately three times the distance from the current blocking layer 7 
active layer 4 to effectively use currents. 

As described above, all these semiconductor layers are formed by MOCVD. As the material, an orgz 
metal such as TMG, TMI, TMA, or the like, or hydroxide gas such as AsH3, PH3, or the like is usee 
(silicon) is doped into an n-semiconductor layer, and Zn (zinc) is doped into a p-layer. As the source 
materials, silane and DMZ are used respectively. The crystal growth temperature is about 700 DEG 

As shown in FIG. 4, the p@- -active layer 12 preferably has a carrier concentration falling with the r 
from 5E16 to 2E17 cm@-3. As the p-impurity to be doped into the active layer, Cd, Mg, C, Be, or tl 
may be used in addition to Zn mentioned above. Also, as shown in FIG. 5, the light-emitting layer o: 
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embodiment has an n-p@- -p-type hetero structure, and electrons 3 1 are injected into the active layei 
Hence, the carrier lifetime in the active layer can be prolonged, and luminous efficiency can be impr 

The third embodiment will be explained below with reference to FIG. 6. 

FIG. 6 is a sectional view of a semiconductor light-emitting device that incorporates the semiconduc 
light-emitting element of the present invention. After the semiconductor substrate side of a semiconc 
light-emitting element (pellet) 10 is die -bonded to a bed portion 16 of a lead 14 having a dish-like 
reflection plate 13 using a conductive adhesive 15 such as Ag paste, a p-electrode (light output elect 
20 and a lead 17 are electrically connected to each other by an Au bonding wire 1 1 . After that, the di 
shaped reflection plate 13, a portion of the lead 14, the conductive adhesive 15, semiconductor light- 
emitting element 10, the bed portion 16, the bonding wire 11, and a portion of the lead 17 are encaps 
into a bullet- shaped epoxy resin capsule 18. The resin capsule 18 has a lens function, and a function 
protecting the semiconductor light-emitting element 10. 

The semiconductor light-emitting element of the present invention shown in FIG. 1 and the like has 
same emission wavelength in the lateral direction of the element, i.e., in a direction parallel to the ac 
layer as that output in a direction perpendicular to the active layer. Hence, when a reflection plate w; 
attached to the element to effectively output light emission as in this embodiment, a device having a 
emission output 130% that of a conventional device could be obtained. 

The fourth embodiment will be described below with reference to FIG. 7. 

A semiconductor substrate shown in FIG. 7 is used for forming the semiconductor light-emitting ele 
shown in FIG. 1 . A scribe device with an infrared transmission function was prepared and used so as 
align an Au electrode (p-electrode) pattern to a scribe line on a region without any AuGe electrode (3 
electrode) 29 mentioned above. Using such scribe device, a load of 14 g is applied to a scribing dian 
stylus, and the AuGe electrode 29 is subjected to scribing (to form scribe lines 34). After the scribinj 
external force is applied to the light-emitting surface side, opposite to the scribed surface, of a 
semiconductor wafer to divide the wafer into pellets. As a result, pellets with a good shape could be 
obtained. Upon dividing the wafer into pellets, adhesion sheets 36 and 37 are adhered to the major si 
on the light-emitting surface side, and the major surface on the substrate side, and a support plate 38 
placed under the adhesive sheet 37. Then, a cutter blade 39 is adjusted to a position 35 above the cle. 
plane of the scribe line 34 on a cladding layer opposing the region where the support plate 38 is not ] 
and a force is applied, thus cutting the wafer from the scribe line 34. 

Furthermore, in order to improve finish dimensional precision of the light-emitting side (the surface 
formed with the p-electrode 20), after scribing is done on the n-electrode 29, scribing (sub-scribing) 
performed on the p-cladding layer at a position opposite to the cleavage plane of the scribe line 34 o: 
n-electrode 29 by applying a load of 5 g to the diamond stylus (so as to form scribe lines 35). After t 
external force is applied to each scribe line 34 to divide the semiconductor wafer into pellets (the me 
of dividing the wafer by applying an external force is the same as that described above). 

The adhesion between the GaAs contact layer and ITO film, and that between the current blocking h 
containing Al and ITO film can be further improved by interposing the Zn layer 8. For this reason, 
cracking and peeling upon chipping and breaking during scribing from the surface using a scribe de^ 
can be remarkably avoided, and elements can be formed using the scribe device. 

Hence, upon dividing the wafer into pallets, a pellet with high dimensional precision on the light-em 
surface side and a good shape can be obtained. 

The fifth embodiment of the present invention will be described below. 

FIGS. 8 A and 8B are respectively a plan view and sectional view showing the structure of a light ou 
electrode (p-electrode) portion of a semiconductor light-emitting element according to this embodim 
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the element according to the first embodiment shown in FIG. 1 , the p-electrode is formed at the cent 
portion of the light-emitting surface formed with the transparent electrode (ITO film). By contrast, h 
embodiment, the p-electrode is formed at the right or left offset portion on the light-emitting surface 
the p-electrode 20 serving as a bonding electrode is formed at the offset position on the light-emittin 
surface, light emission can be effectively used. 

A semiconductor light-emitting element having a Zn layer according to the sixth embodiment of the 
present invention will be explained below. FIG. 9 shows the sectional structure of this element. A 0. 
.mu.m thick n-GaAs buffer layer 1, a reflection layer 2 consisting of 10 pairs of n-GaAs/n-In0.5 A10 
films, a 0.6-.mu.m thick n-In0.5 A10.5 P cladding layer 3, a l.O-.mu.m thick, Zn-doped In0.5 (Ga0.5 
A10.45)0.5 P active layer 4, a l.O-.mu.m thick p-In0.5 A10.5 P cladding layer 5, and a O.Ol-.mu.m th 
GaAs ohmic-contact layer 6 were sequentially grown on the surface of a 250-.mu.m thick n-GaAs 
substrate 10 by, e.g., MOCVD. 

Subsequently, a Zn layer 8 having a thickness of 1 to 4 nm was deposited on the entire surface of the 
ohmic-contact layer 6 using an AuZn metal. Then, a 100-nm thick ITO film 9 was deposited by a 
sputtering device by supplying a gas mixture of Ar and oxygen (pressure ratio of 100:1) in a vacuurr. 
about 1E-3 torr, and heating to a temperature of 150 DEG C. to 200 DEG C. Furthermore, after a 20' 
thick AuGe electrode 29 was formed on the n-GaAs substrate 10 side, and a 1.2-.mu.m thick Au filn 
formed on the ITO film 9, the structure was subjected to a heat treatment in Ar atmosphere at about ■ 
DEG C. for about 15 min. After the heat treatment, the Au film was patterned to have a diameter of i 

100 .mu.m, thus forming a bonding p-electrode 20. Finally, the structure underwent scribing and bre 
from its rear surface side in units of 1 50-. mu.m squares using a scribe device having a diamond styli 
as to cut and separate the substrate (wafer) in units of semiconductor light-emitting elements (pellets 
n-cladding layer 3, active layer 4, and p-cladding layer 5 form a light-emitting layer 30. 

By interposing the Zn layer, the adhesion between the ohmic-contact layer and ITO film can be imp] 
For this reason, cracking and peeling upon chipping and breaking during scribing from the surface u 
scribe device can be remarkably avoided, and elements can be formed using the scribe device. Note 
the adhesion tends to increase as the Zn layer has a larger thickness. However, in such case, since 
absorption exponentially increases, about 5 nm are the maximum thickness that does not cause any 
luminous efficiency drop. If the Zn layer thickness exceeds 5 nm, luminous efficiency drop occurs 
considerably. 

The seventh to ninth embodiments to be described below aim at preventing concentration of currents 
portion beneath a p-electrode, and improving the internal quantum efficiency and light output efficie 
FIG. 1 1 is a plan view of a semiconductor light-emitting element according to the seventh embodimi 
and FIG. 10 is a longitudinal sectional view taken along a line B— B in FIG. 1 1 . A 0.5-.mu.m thick n 
buffer layer 103, a 0.76-.mu.m thick reflection layer 104 consisting of 10 pairs of n-GaAs/n-In0.5 A 
films, a 0.6-.mu.m thick n-In0.5 A10.5 P cladding layer 105, a l.O-.mu.m thick In0.5 (Ga 0.55 A10.4: 
active layer 106, a l.O-.mu.m thick p-In0.5 A10.5 P cladding layer 107, a l.O-.mu.m thick p-Ga0.2 A 
As current diffusion layer 108, a O.Ol-.mu.m thick p-GaAs contact layer 109, and a 0.2-.mu.m thick 
In0.5 A10.5 P current blocking layer 110 are sequentially grown on the second major surface of a sul 

101 by MOCVD. 

Furthermore, the current blocking layer 110 corresponding to an energization region is patterned by 
photolithography and etching. As a result of patterning, a current blocking layer 110 having a diame 
120 .mu.m and located at nearly the center of the substrate 101 is formed. A 100-nm thick indium o? 
(In2 03)-tin oxide (Sn02) (to be referred to as ITO hereinafter) film 1 12 is deposited on the entire si 
of the contact layer 109 as well as the surface of the current blocking layer 110. This film 1 12 is dep 
by sputtering by supplying a gas mixture of Ar and oxygen (pressure ratio of 100:1) in a vacuum of; 
1E-3 torr and heating the substrate 101 to a temperature of 150 DEG C. to 200 DEG C. 

A 1 .0-.mu.m thick Au film is deposited on the surface of the ITO film 112. The wafer is polished to 
thickness of about 100 .mu.m. After a 200-nm thick AuGe n-electrode 102 is deposited on the first n 
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surface of the n-GaAs substrate 101, the structure is subjected to a heat treatment in Ar atmosphere i 
about 450 DEG C. for about 10 min. The Au film is patterned to have a diameter of 100 .mu.m smal 
than that of the current blocking layer 110 5 thus forming a p-electrode 113. Finally, scribing is done 
the rear surface of the semiconductor wafer in units of 150 .mu.m squares using a scribe device havi 
diamond stylus to separate the wafer into elements by breaking, thus ending the processes. 

FIG. 20 shows the relationship between the distance between the active layer 106 and current blocki 
layer 110, i.e., the total of the film thicknesses of the p-cladding layer 107 and current diffusion laye 
and luminous efficiency. Due to the presence of the ITO film 1 12, a uniform electric field is applied 
element, and currents can flow uniformly without being concentrated on the portion immediately be] 
p-electrode 113. The light output can be increased as compared to a case wherein a current diffusion 
108 having a thickness of 5 to 7 .mu.m is formed without forming the ITO film 112. 

However, since a uniform electric field is applied to the element, currents readily flow into the porti< 
below the current blocking layer 1 10. In order to solve this problem, the distance between the active 
106 and current blocking layer 1 10 is important. If the distance of this portion becomes equal to or h 
than 3 .mu.m, the effect of suppressing current concentration by the current blocking layer 110 cann< 
expected. 

Conversely, when the distance between the active layer 106 and current blocking layer 1 10 is equal l 
smaller than 0.3 .mu.m, i.e., only the cladding layer 107 is formed between these layers without forn 
the current diffusion layer 108, the element is easily influenced by bonding on the p-electrode 113, 
resulting in a light output drop. 

When a GaAs-based diffusion layer 108 having a lattice constant different from that of an In0.5 (Ga 
Alx)0.5 P-based crystal is formed to have a thickness of 3 .mu.m or more, the wafer warps considers 
when the substrate is polished to have a wafer thickness of about 1 50 .mu.m or less and the wafer is 
separated into semiconductor chips by scribing and breaking. For this reason, deviation of scribe line 
cracking of the wafer during processes easily occur, resulting in low yield. Furthermore, in the elemt 
structure formed with the ITO film, the current diffusion layer 108 does not directly contribute to tht 
output. However, in order to eliminate damages to the active layer 1 06 upon bonding when the elem 
mounted on an LED lamp or upon breaking, a gap of 1 to 2 .mu.m is preferably formed between the 
layer 106 and current blocking layer 1 10. In consideration of the above situations, in the seventh 
embodiment, the distance between the active layer 106 and current blocking layer 1 10 is set to fall vs 
the range from 0.3 .mu.m to 3 .mu.m. 

A curve L2 in FIG. 21 represents the relationship between the chip size and luminous efficiency in ti 
element shown in FIG. 24, and LI represents the relationship between the chip size and luminous 
efficiency in the seventh embodiment. Since the element shown in FIG. 24 has the ITO film but no c 
blocking layer, luminous efficiency drops considerably as the chip size decreases. By contrast, in thi 
embodiment, luminous efficiency drop can be suppressed even when the element has a chip size of 
250 .mu.m or less. 

The eighth embodiment of the present invention will be described below with reference to the 
accompanying drawings. As shown in FIG. 12, an n-GaAs buffer layer 123, a reflection layer 124 
consisting of 10 pairs of n-GaAs/n-In0.5 A10.5 P films, an n-In0.5 A10.5 P cladding layer 125, an In( 
(Ga0.55 A10.45)0.5 P active layer 126, a p-In0.5 A10.5 P cladding layer 127, an n-In0.5 A10.5 P curr 
blocking layer 131, a p-Ga0.2 A10.8 As current diffusion layer 128, a p-GaAs contact layer 129, an I 
film 132, and a p-electrode 133 are formed in turn on the second major surface of a substrate 121, ar 
n-electrode 122 is formed on the first major surface of the substrate 121. 

This embodiment differs from the seventh embodiment in that the current blocking layer 1 3 1 is forrr 
between the cladding layer 127 and current diffusion layer 128. In this embodiment, since the curren 
diffusion layer 128 is not present between the current blocking layer 131 and active layer 126, the di 
between the current blocking layer 131 and active layer can be set to be small more easily than the si 
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embodiment. 

The ninth embodiment of the present invention comprises a two-dimensional structure shown in FIG 
and a longitudinal sectional structure shown in FIG. 14. In a light-emitting element according to this 
embodiment, an n-GaAs buffer layer 143, a reflection layer 144 consisting of 10 pairs of n-GaAs/n-1 
A10.5 P films, an n-In0.5 A10.5 P cladding layer 145, an In0.5 (Ga0.55 A10.45)0.5 P active layer 14€ 
In0.5 A10.5 P cladding layer 147, a p-GaAs contact layer 148, an n-In0.5 A10.5 P current blocking la 
151, an ITO film 152, and a p-electrode 153 are formed in turn on the second major surface of a sub; 
141, and an n-electrode 142 is formed on the first major surface of the substrate 141. 

This embodiment has its characteristic feature in that the current diffusion layer is not formed. Howe 
this embodiment as well, the distance between the current blocking layer 151 and active layer 146 is 
fall within the range from 0.3 .mu.m to 3 .mu.m as in the seventh or eighth embodiment. According 
embodiment, since the current diffusion layer is not formed, a manufacturing cost reduction, or 
improvement of yield due to elimination of any warp of the wafer can be achieved. However, when i 
element is assembled in an LED lamp or the like, the active layer 146 must be protected from being 
damaged. 

The 10th embodiment of the present invention will be described below with the aid of FIG. 17 that s 
its two-dimensional structure, and FIG. 16 that shows the longitudinal section taken along a line E— ] 
FIG. 17. In this embodiment, an n-GaAs buffer layer 163, a reflection layer 164 consisting of 10 paii 
GaAs/n-In0.5 A10.5 P films, an n-In0.5 A10.5 P cladding layer 165, an In0.5 (Ga0.55 A10.45)0.5 P a- 
layer 166, a p-In0.5 A10.5 P cladding layer 167, a p-Ga0.2 A10.8 As current diffusion layer 168, a p- 
contact layer 169, an n-In0.5 A10.5 P current blocking layer 171, an ITO film 172a, and a p-electrod 
are formed in turn on the second major surface of a substrate 161, and an n-electrode 162 is formed < 
first major surface of the substrate 161. 

This embodiment has its characteristic feature in that the edge portion of the ITO film 1 72a is locate 
inside those of the contact layer 169, current diffusion layer 168, and the like formed under the ITO 
and a surface 174a of the peripheral portion of the contact layer 169 is exposed. When conductive di 
e.g., GaAs waste or the like becomes attached between the ITO film 172a, and the p-n junction betw 
the active layer 166 and cladding layer 165 or between the active layer 167 and cladding layer 167, s 
damage may occur. However, since the edge portion of the ITO film 172a is located inside those of 1 
contact layer 169, current diffusion layer 168, and the like, even when dust becomes attached to the 
junction at the chip edge portion, nearly no voltage is applied to the chip edge portion, and no currer 
flow via the dust, thus removing ESD breakdown voltage errors. 

The 1 1th embodiment of the present invention has the same longitudinal sectional structure as that o 
10th embodiment shown in FIG. 16, but has a different two-dimensional structure. In the 10th 
embodiment, the ITO film 172a has a rectangular shape, as shown in FIG. 17. By contrast, in this 
embodiment, as shown in FIG. 1 8, an ITO film 1 72b has a circular shape, so as to be separated from 
four corners of the chip. Normally, in a device such as an LED lamp or the like using a semiconduct 
light-emitting element, since a chip is directly encapsulated by a mold resin, the resin expands due tc 
produced by the chip during energization. For this reason, strong stress acts on the four comers of th 
and crystal defects may have been produced and progressed from the four corner portions. In this 
embodiment, since the edge portion of the ITO film 172b is separated from the four comers of the cl 
even when crystal defects have been produced, no currents flow to the four comers and no light is er 
there, thus preventing any light output drop. 

In the 1 1th embodiment, the ITO film 172b has a circular shape, as shown in FIG. 18. Alternatively, 
shown in FIG. 19, an ITO film 172c may have a polygonal shape. In such case as well, since the edg 
portion of the ITO film 172c can be separated from the four corners of the chip, the element service 
can be improved. 

The semiconductor light-emitting elements according to the seventh to 1 1th embodiments can be 
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assembled in a semiconductor light-emitting device used, as shown in FIG. 6. 

The above-mentioned embodiments are merely examples, and do not limit the present invention. Foi 
example, in each of the above embodiments, the contact layer is formed between the transparent elec 
and current diffusion layer to allow easy current flow therebetween. However, the contact layer neec 
always be formed. 

In each of the above embodiments, a green LED having an In0.5 (Gal-x Alx)0.5 P-based crystal has 
exemplified. However, by changing the Al ratio of the active layer, LEDs having emission colors rai 
from red to green can be formed. Furthermore, in each of the above embodiments, the doublehetero '. 
consists of an In0.5 (Gal-x Alx)0.5 P-based crystal, but may consist of a GaAlAs-based crystal rang 
from infrared light to red. 

Also, each of the above embodiments uses the substrate having an n-GaAs-based crystal. However, ; 
substrate having a p-GaAs-based crystal may be used, and the polarities of crystals to be formed thei 
may be changed in correspondence with that of the substrate. 

When the substrate having an n-GaAs-based crystal is used, and the GaAs contact layer is of p type, 
thin, Au-Zu-based alloy or Au-AuZu-based alloy-Au multilevel metallization may be formed betwe< 
ITO film and the GaAs contact layer to improve the adhesion therebetween. 

Each of the above embodiments uses the ITO film as a transparent electrode. However, the present 
invention is not limited to such specific film, and films consisting of other materials, such as ZnO, S 
and the like, may be used. 

Upon separating chips from the wafer, the present invention is not limited to scribing & breaking, ar 
dicing using a diamond blade may be used. 

According to the first to sixth embodiments, the adhesion with the transparent electrode can be impr< 
Since an aluminum oxide film is formed on the surface of the current blocking layer containing Al b 
heat treatment, a sufficiently high breakdown voltage of the current blocking layer can be maintaine< 
interposing the Zn layer, the adhesion between the ohmic-contact layer and ITO film, and that betwe 
current blocking layer containing Al and ITO film can be further improved. For this reason, cracking 
peeling upon chipping and breaking during scribing from the surface using a scribe device can be 
remarkably avoided, and elements can be formed using the scribe device. Furthermore, the functions 
current blocking layer do not deteriorate by diffusion of Zn to improve the adhesion, and diffusion o 
doped in the active layer to improve the luminous efficiency. 

In the manufacturing processes of the semiconductor light-emitting element, the Zn thin-film layer i: 
continuously formed by a sputtering device used for forming the transparent electrode, thus further 
improving the adhesion between the element surface and transparent electrode. 

According to the seventh to 1 1th embodiments, since the distance between the active layer and curre 
blocking layer is set to fall within the range from 0.3 .mu.m to 3 .mu.m, concentration of currents to 
portion below the electrode can be suppressed, high luminous efficiency can be assured even when t 
chip size is reduced, and a cost reduction can also be attained as a result of an element area reductioi 

When the edge portion of the transparent electrode is located inside the chip edge portion, static dan: 
arising from dust or the like can be prevented, and the ESD breakdown voltage can be improved. 
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What is claimed is: 

1. A semiconductor light-emitting element comprising: 
a semiconductor substrate; 

a light-emitting region grown on said semiconductor substrate and including an active layer having i 
junction; 

a transparent electrode formed to cover the entire light-emitting surface of said light-emitting region 

containing oxygen for a light output side electrode; 

a bonding electrode formed on said transparent electrode; and 

a current blocking layer formed under said transparent electrode and located immediately below said 
bonding electrode, 

wherein said current blocking layer consists of a semiconductor having a bandgap not less than an 
emission wavelength and containing Al 5 and 

said current blocking layer is located immediately below said bonding electrode with the center then 
matching the center of said bonding electrode, and a difference between diameters of said current bl< 
layer and bonding electrode is not less than three times a distance from said current blocking layer tc 
active layer. 

2. An element according to claim 1, wherein at least a portion of said current blocking layer is oxidi; 

3. An element according to claim 1, wherein a p-type impurity is doped in said active layer at a 
concentration of 5E16 to 2E17 cm@-3. 

4. An element according to claim 1, wherein said current blocking layer consists of In0.5 (Gal-x Ah 
(for l.gtoreq.x>0.5). 

5. An element according to claim 1, wherein said transparent electrode consists of a mixture of indiu 
oxide and tin oxide. 

6. A semiconductor light-emitting device comprising: 
a semiconductor light-emitting element of claim 1 ; 

a bed portion for supporting and fixing said semiconductor light-emitting element; 
a dish-shaped reflection plate formed around said bed portion to surround said semiconductor light- 
emitting element; 

a first lead connected to said bed portion; 
a second lead; 

a bonding wire for electrically connecting said transparent electrode of said semiconductor light-emi 
device element and said second lead; and 

a resin capsule for encapsulating said semiconductor light-emitting element, portions of said first ant 
second leads, and said bonding wire. 

7. A semiconductor light-emitting element comprising: 
a semiconductor substrate; 

a light-emitting region grown on said semiconductor substrate and including an active layer having z 
junction; 

a transparent electrode formed to cover the entire light-emitting surface of said light-emitting region 

containing oxygen for a light output side electrode; 

a bonding electrode formed on said transparent electrode; 

an ohmic-contact layer formed on said light-emitting region and under said transparent electrode; 
a zinc layer or zinc layer containing gold, which is formed between said transparent electrode and sa 
ohmic-contact layer; and 

a current blocking layer formed under said transparent electrode and located immediately below said 
bonding electrode, 

wherein said current blocking layer consists of a semiconductor having a bandgap not less than an 
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emission wavelength and containing Al 5 and 

said current blocking layer is located immediately below said bonding electrode with the center then 
matching the center of said bonding electrode, and a difference between diameters of said current bh 
layer and bonding electrode is not less than three times a distance from said current blocking layer tc 
active layer. 

8. An element according to claim 7, wherein said zinc layer or zinc layer containing gold has a thick 
1 to 5 nm. 

9. A semiconductor light-emitting element comprising: 
a semiconductor substrate; 

a light-emitting region grown on said semiconductor substrate and including an InGaAlP-based acth 
region having a p-n junction; 

a transparent electrode formed to cover the entire light-emitting surface of said light-emitting region 

containing oxygen for a light output side electrode; 

a bonding electrode formed on said transparent electrode; 

an ohmic-contact layer formed on said light-emitting region and under said transparent electrode; an 
a current blocking layer formed under said transparent electrode and said ohmic-contact layer, and k 
immediately below said bonding electrode, 

wherein said current blocking layer consists of a semiconductor having a bandgap not less than an 
emission wavelength and containing aluminum, and zinc as a p-type impurity is doped in said active 
at a concentration of 5el6 to 2el7 cm@-3, and 

said current blocking layer is located immediately below said bonding electrode with the center then 
matching the center of said bonding electrode, and a difference between diameters of said current bl< 
layer and bonding electrode is not less than three times a distance from said current blocking layer tc 
active layer. 

10. A semiconductor light-emitting element comprising: 
a semiconductor substrate; 

a light-emitting region formed on said semiconductor substrate, and having a double heterostructure 
including a cladding layer and active layer to form a p-n junction; 
a current blocking layer formed on said light-emitting region; and 
a transparent electrode formed on said light emitting region, 

wherein a distance between said active layer and said current blocking layer falls within a range fror 
0.3 .mu.m to 3 .mu.m, wherein an edge portion of said transparent electrode is located inside a chip < 
portion of said semiconductor light-emitting element. 

1 1 . An element according to claim 10, wherein a current diffusion layer having a crystal structure di: 
from said light-emitting region is formed between said light-emitting region and said current blockir 
layer. 

12. An element according to claim 10, wherein a thickness of said semiconductor light-emitting elen 
not more than 150 .mu.m. 

13. An element according to claim 10, wherein a chip size of said semiconductor light-emitting elerr 
not more than 250 .mu.m. 

14. An element according to claim 10, wherein said transparent electrode has a circular or polygonal 

15. A semiconductor light-emitting device comprising: 
a semiconductor light-emitting element of claim 10; 

a bed portion for supporting and fixing said semiconductor light-emitting element; 
a dish-shaped reflection plate formed around said bed portion to surround said semiconductor light- 
emitting element; 

a first lead connected to said bed portion; 
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a second lead; 

a bonding wire for electrically connecting said transparent electrode of said semiconductor light-emi 
device element and said second lead; and 

a resin capsule for encapsulating said semiconductor light-emitting element, portions of said first an< 
second leads, and said bonding wire. 
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mLt-t&mim 1 jbsit^if 3 . m$&5x\mim 

[IS*IS8 ] miXAfu vtmii. I n 0 . 5 ( G a 
A 1, ) o.5 P (ffiU l^x>0. 5 ) T'fohZ. 

t *w&Lt-+hmem. 1 ^Mit*ii3 , smm5jb^m 
curbs 9 ] stilB3BJ«Stt. shim yis*?j»sxmik 
m 1 nmm^mscou^fiMziim^mi^^tm^. 

1iTiE¥*ttaS^teJfc&S*lfcP nt#-^^*-ri> I nG 
a A 1 P^iSttil^-irtffBftlfc . 

Ml e«85^ o -y ^ «{i . mmMllLtco; <y V -v 7° 
tti-&T)l>$-VJ±Z&ts!mfafrt>ffif8.Zti. MfE 
SttJiWiaEtt^^'fir* pI?»A s 5 E 1 6~2E 1 
7 c m- 3 H- TS ^ & i t S: ^ ^-^> ^fltfBK 

[ft^Hl 1] 

a a i pm^'&m^tswtmb . 

tts LmmMcDmm^tsmmmMb . 
HuiE^sfl«miit^$ix^^>x yymnmb . 

o-y^ilhS-iii.. 

KfSttJB ^ (4ffiiS*» <$> * 4 P SPP««J*« 5 E 1 6 ~ 2 E 
1 7 cm-3 V-TZtlT^&Zb Ztmb-t 

MfE*- 5 -y 7 3 ^ hii±0-SP^m»S^C3 > y ^® 

jtizym 0 ft Lfm&B»*itti&9mm*Bm*& 

1Mb. 
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mmm.7u y^mn^tmM^co^y v*?-? -y 
T>v 5 a ts*mm->t>m&L%ixx ^hz 

i msm 1 3 ] mimmmm t mm*- $ -y ? a > ? ? 

ZBfctZ xn£ $ <b £W u Z vm&M t L < 
#tfEI8Jf k mlB^BJ«fii k liH-SMrtTJKR 
Six*. £ k tWat^iSWWI 1 2fciEtttf> i N*«efft3fc 

mz^mi^m^iz^y^fy^y^m&L. 

l/7h t#Wt*Xg£ $ t> izG-tZ Z k JMitS 
fftfcJg 1 2X(4W^ 1 3 tciEtto^mP^fBtSR^^H 

[ 1 5 ] i ^Mit tsm 3 . it 5 ^j^if 
*jS9. ai^R^i i co^-ftiMzsmztittmfo 

MfE^y h«W)«iafc. ifutE^ttfBeSH^Htf =t 3 
mf!E^ >y KfiWc*«3*ifcflI 1 «9 'J - H k , 

mz*mfomm^im&(M ^mLmmt mzm 2 <n 
v—vt i9sm&m+& #y? < yfv^^t . 
isne¥**fi**^. mraixtf*2*>y-K*>HW 
&T/Hfrfe*>7-' >r y^-v-f -vk ^*fih$ tix ^&®mm 

wm¥mi¥mm±.izBf£z *u ^57^ ji t z 

k. 

MfEf6^±^J&Sft£mS£7'u . y ? Si: . 
HulEvSttil k miiESsST'n >y ? € fc 0 . 3 w m 

mimi 7 ] mv&mt msxsifwrmkvM 

fc. HtrlEfBtSi:(i^B B B «jt* i S : 5:l»*»SteSWi*^^ 

[ff^l8] ¥3£tt»Kk. 
MfE¥&ttg8Lkfcy&££*u ? 7 y F*k$SttJl k «■ 

k. 

ffiriE^3ta±<0^^< k t>-«5fc:»JitS<TJt«a[7'n >y 



mtm^a'u -y ^s±tffM$^^^Bflm® k . 

BttfEvS-ttJl k B?IE«»Pira >y ? Ji k <9HJt# 0 . 3 /i m 
CM*^ 1 9 3 BtflE^^fr^S^/S^^ 1 5 0 // m 

[ ii*^ 2 o ] ffirtE^^^s^of - -y r-vM 2 

5 0 v m&TX'fo&Z k SrlWSk -rsit^ 1 6^j2 1 

S M£g 16M2 0 iOV^-mtClEa«7)^«£^3t* 
^ . 

[11^2 2] ISriE3SWBi« WBXiiZftBwBVi 
tt-fh Z k £«F«fc -f 2 1 SBtt^^NI«cffe3K 

[ii*3»2 3 ] if«]a 16M2 2<7)^-rtH}Hzim^ 
miE^ -y Has izmmz tarn lcov-vt. 

ml E^ttSBfc^O MIE^BX 0 fH tm® k MIES? 2 <D 

y - h k *«»wfc:«aE-r * r ^ y^v J^t, 

m&FMtWQk* . huIE^ 1 RX/m 2 «o u - H 
Sl/MIE^^x -f y^'V-f A-k * 4 tf±$ixT v^ffllB** 

it^k *«£tv*4 i k j«si 

BOiEvS14Sk<7)8BII**0. 3/zm*»^>3. 0/zmc7)SEH 

t^SrS J:5C« H«IE«^ii±t*»P t 7'o -y ? JBjfc*- 
SXgk. 

[ft^3S2 5 ] MIE^3tilkHtifE«eiE7-"n-y 9Mt^ 

iz. mt^^t^ikmmm^hm^imM^mm. 

•ttxmi $ 4>fe:fllt i»<lk iWSkk-t&to SM2 4IE 

[HH^i¥iffl*iJlBH] 
[000 1] 
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[00 02] 

2 2tC7Kt\ n-GaAs^^28c0^1O±HtC. A 

k^o) 2 9tfB$£tlT\i&. n-GaAsII28 
<a*2 0±H±fc{A3mfM#. #Utfffii£«mfflA 
ft (J^T, MOCVDfcv^ ) OJiaSWiSfi 
TUI>„ ^2«7)±®<7)^ffi±^. n-GaAsA 7 7r 
JB2 7A*A£S*rCVV&. I^ 7 7t127^I± 
n-GaAs/n-I n 0-5 Al 0>5 P (7)^.7* 1 0 
tt*^&£RSt«2 6#Aft£ftT^.|>. S0H/I2 6O 
HWJbfcltt. n-In,,5 Alo.s Pfy-vVminm. 
?y yVm) 2 5*>BA£ftT^£. nS?7yKJf2 
5cOSH±tC. In 0 . 5 (Ga 0 . 55 A 1 o. 45 ) o.5 P#> 
4> s Sr*Stt«2 43&9BlfiS*L"CV^4. i^vS14S24<?3 
fJffiiKW:, P-In,. s A1 0 , 5 P;77HI(pI 
^•yKJI) 2 3#JBA$iXT^.g>. PM?7-yFJf2 
3 . vSttS 2 4at/"nS^ 7 -y Kii 2 5 T\ yf)V^<=f 

mm±.izmm,im 2 2 #^a§ *i.t ^ 9 . z cymi 

ttl22(0±Cp-GaAsK ; 5:S5j-i y^ay 
7 , ^M2 1««§fltl-^„ Z<7)?l--~i-y7a>7 
7VM2 10±fcAu2^:$:£p3/(lMfi5 (^OaiL 
«fis, feJITs P*flgtv^d) 2 0*%M£*vO^. ,1 

[0003] -mz^ pm*mfami±&vimtfm^. =t 
-5 t . msE^Affl o p msi 2 0 h vsttJi 2 4 h tmmtz 

Gtz.it. TO^JK^OJK < p«fiS2 OiTFS.tX^^m 

c 0 0 0 4 1 nmm*^& tmj>ftmi±i>-m< 
mm< ^mm.mzn LxmL^y^m^mm 

2 2tfmi^tl&i§iZtf^\ P112 0U 

/Ih^c. m^^igBr-r^«»£7"n-y^®^iS{tf^ 

2 0^ft^^%7t^t}i^$fLTV^. ^Oia 
7o-y^ScO*H(±. SAJ|-ri>ffifc&£c7)T\ iHLSr 
t'^^il^j; aic-^fcA 1 £-§-4&^«-C^A£ 

[0005] A 1 *iZ&%^WM7v-v7mt LXlt. 
GaAs, GaAsP, InGaAs, InGaAsP 
mifihh. MtlX. I nGa A 1 V7&&mW8*=?l,Z 

ffiV^fl*. GaAsli I nGaAl P 

m?lz *j v ">T ti»3te»[ft C« L T SBBT'(il$V WIS < 

j£A£*t-S>**. 0 . ta/o -y ^TSWfliHifi 



[000 6] ttz. USSSSSJifc LTtt. GaAl As 
JI^ffl^tlT^S**^ U TiRJKfc LT 2 E 1 8 c m 
- 3 SJKT-^0. S5t^i7E-2Qcmi:i«V^Tp« 
fig i. 0 SEA $ tdzWSito&ifi 0 < f&bb*£ 

fflt/S**^^. IrCOfztb. t<t,Zl&&I nGa A 1 P 

yX^MLXttiXZ.^Xolzyu-M.cOKmWicom^ 

^mzmmx^ ^tua ***** 

[0 00 7] 4fc. nGaAl PK^S»«t*fflV^ 

•kfflby* X — H (LED) OvSttStii, tizMlzTM 

lE16cm-3jgft<?5nMT*ofe. i^C. LE DO 

mm*, n - n - - P <o^r;i«N.-f naurc-fc o/i < 0 

2 2fl) . dc7)J^ s C\<TM2 2iZ^tlX^^hXo 
iZftteMiZ&XZtl&'Jfm** U Tii, if 3 1 XU% 
< *-/U3 2 X'h & . TITLED tf^fK^sfEii^^ 

'f^^S. LEDcOH3BOTS«|6l±-rS*«. 

[0008] 4^r, t^^^ffcfKeSe^F-Kti. 024 

t*s*i* «t o izmwmmtwfiZ7v > y ^m^^-h 

h<T)i>h->tz« Z(D^m=FX'li. n-GaAsl^2 
0 1 cOH 1 O^MICA uGe AS nUiffi 2 0 2*^ 

A§n. m2(D±mizi±^m^mms^mz^>omw 

[0 0 09] 112 0 lCDm2<r>£m<7)$kW±t l Z. n- 
GaAsA'.y7ri2 0 3*^A$iX, S^Jlt. n 
-GaAs/n- I n 0 . 5 A 1 0 . 5 PRItJ1204. n 
-In 0 . 5 Al,, 6 P?7>xKJ!2 0 5. In 0 . 6 (G 
a 0. 55 A 1 o. 45 ) 0. 5 P* s ^>AS?SttJi2 0 6. p-I 
n 0 . 5 Alo.s P^5-yH«207* f »ASilTV^. 
iit, n-^57N'1205, «1±Ji2 0 6^P- 
^77^1207^5, ^;Kfol 2 0 0 **»A 

[0010] z\W7>V^fum 2 0 0W±It, p - 
Ga0.2 A 10.8 A s WffiS&MStM 2 0 8, p-GaAs 
*-*v7aV77Vm20 9 **WI^A§ ixT*> 9 . 
ny^?M2 0 9cOSIJbaiAuZ n*^A-i> P« 

ss2 1 o*«»as*itv^. z<D£oiz^ mmom^FX' 

liWMMffl.M 208 t LX G a A lAsI#SMffl^ 
TV^4. L*^L. i<?)12 0 8OgWS<, +#3r 
m^^A* ^ 9 2r^#S^:i:(iT••#^:*-o^„ z\<7)tz#>. p 
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mm2 i ow*m.<?>m#tfmz. r ). W!faw*tTrt» 

[00 11] 

[jrajsrcrau: 3 n^iot, H22 

\t . ft^i^P&t/ftBX 0 its v > fc ^ a 

[0012] #?&^{;Lk3E*«fc«*T*3;hJi*>tf> 

[00 13] 

•TS^*J1T«$^TV^ £ b ZW&b LX^h. 
[0014] Igrn v ?J!£ A l £-£trJ63fciftfiJ*Ui 

cowm t tiimw&mzmikmwBf&z *u «si^a -y 

[0015] *fc*«HHti. *>irV ^flWSffigfc* 
[0016] tS7'a >y ?mj£B<7)fiMt / z® D&Afttt 

mzx &?mt. i<otfig*«arn -y ?®efc 

< LX&<Zblz£*). ^L~?W?miZ$£/tt,zttLX 

mwx'bhtdty. tmzimizm o as-r^ t «>*-e§ & . 
set. ift$^isyn7?iii isi^)ji»^3m» 

# , SBj«ffi^M7-o -y tmtizmm- h mmmzm 

[0017] 3&lc#WWi, mK&b*-$v 9M 
cr>mzm^Znmi>L<iiAuZ&ttZ nmtrit&mt 

[0 0 18] IV^Znlt UliAui^tfZnl^ 

ft , 5?i^ -ftr n-fe XT^iiSfeXSSfnKJST'n -y ? € ft: 

Z n#J£ifc$*U «8S^n -y 

ifr&tfihhtf, IWfcLfeA 1 ££tr^fWB*<K{t&*t 

[0019]*fc. *^BJOA 1 Sr-^tfSS[7'Cf.y ?Jf 
nmtr^Tth I n G a A 1 P frSttJKm J: 



Z&m^lZ&^X „ SfiJitcliiB (Zn) t *K5W 
(Cd) . <U U^A (Be ) , >"7 A (Mg) 

XUtfSR (C) £8sJnU JgttJi*#^UTaiK5El 
6cm-3H2El 7cm-3gg(7)pS^Mffl^l) 

[ o o 2 o ] is&mizpm^mtezm^&z. tizx on 
y&mi&L<m±.Zitti». mm. sl a, 

[002 1] *^BflO^«s|%5t^{i. ¥ 

fcHSLra-y^^fc^ggS^^O. 3//m*>4.3. O^rn 
<0ttHt= ft 4 £ t *«fafc LT V \& . 

[00 22] d^iatc, vS14Jli:«sfi7-a-y^®hcD 
ggM^'O. 3Atm^4>3. 0/xmcOKHfcft-l»-i:tCj: 

0 . «tr a -y ^ «6««8t^iW * «t 0 *«Wq«H-* 

[00 23] ^^T\ ^3t®i:«»S^O-y^®t<7)ratC 

[0024] *fWB<^*a«*5S3K3i^{i. ^mftmm 
t . $titm±cD'j>-%< t ii-^nzmm^tifz^izru -y 

«ii . vStt/i fc m^Sr a y ? Mb co&Mtf 0 . 3 u 
^>3. 0jLtmtf5KHfc:ib*c:f:S1tf5fc-r4. 

[0025] ¥3l#fBfc5!HV)JS§# 150^ mJJJITT* 

[0026] ^frafcifttf^NWttJBBIH^f- 
•y7°-9--fX^2 5 LTi^V^^^^ft 

[0027] mmm&comm^m^mm^^-yy° 
ffi&x'oitftmiztiLWt&tg&iz^ mtmtmwmm 
tn'mmmmL, &m>nmm^mmt^^x^rr 

[0028] zzx\ mmmm^mmmmx^nm 

[0029] z(7)£o ^imifcftxmwi.. *mfamu 
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[00 30] ZZX\ 5&tmtWcii-7°v>v-?mtcr>ffi 
[003 1] 

[fSBJ§<O0IJfe<D«JKg] KIT. 

[0032] 5fe-f . fR 1 ~H 6 <0||ffi^SMA$63fc3Wi 

i vmm<mmiz x * ^mtkfttm^z . m i %vm 2 

TBiatcMJSE U 0 1 Jill 2 A - A«t» a IK 

[00 3 3] JJ$*!J2 50^mOn-GaAsSIl 0 
Slffi±fc. J¥S0. 5wmi?Dn-GaAsA'77Tl 
l.i?§-&lt0. 7 6^m<7)n — GaA s/n— I n 

0. 6vmcr>n - I n 0 . 5 A 1 ,. S P?77 h'Jf 3. J? 
§1. O/zmOZnSH-rLfcln,., (Ga,. 55 A 
lo.45)o.5 I?S 1 . Ojum<7)p-In 

0.5 Al 0 .5 P^77K15, JfSO. OljumOp- 
GaAs^-S7;3y^?M6.f§0. Oljum 
~0. 2/xm<7)n- I n 0 .5 Al 0 . 5 P (?)W8i7u >y 7 
JB7ilR<XMOCVDj£!S:iffc:J:«9JS^S-fr4. £tf> 

mxmmm ^•tzwsvfu vfmit&tu 7* 

SStt 110 u mi?)ta/D «y ?/f 7 1 0 

[0 0 34] «SK:/n.y?Jl7£-£tfGaAs:t 

— $ -/fay?? hme^Mts^w.tzAuz n&mzm 

V^ISl-4nm(7)Znl85:If L. iV^lE 
-Storr^E^T-Arfc^S&JETJJtlOO : 1 

com^^mx l. 1 5 o °c~~ 2 o o x:t,z mm l 
hmn y^^A ( i n 2 o 3 ) -mm ( s n 

0 2 )K(JJIT. ITOHk^d) 9^^>y^»J^ 
SatCKl 0 0 nm*t«$-£4. n-GaAs 
HR10»:AuGelffi29^200nm, ITOI 
9iCAuM»l. 2^mML^i, Ar^4 3 
0°CT"1 S^HaKSKlJeyifctTO. C\<m., WSL7u*,9 
»7<tD l«94v&VMS» iSS»l 0 0/xmfcAuJR* 
ys?-~ y/LT^yf-f y/fflpii2 0 SrJB«-f 

[0035] p««2 0fc«. «Kztt«E$^.&jMHI 



tfpffi?7-y YmsiZ^mfoZixh. Pli2 0(l 

mm.?'u v?mi (r>im*&izmwzti. mm<^msm 

d { A . m»£ 7v v ? M 7 *» fcffittJI 4 £ T'OSE^t x <0f 3 
fS' 1 omUiT** (dSlOx) . 
[0036] fcJLhO«k p«rIS*ST»3t$ir4»fe^ 
SHfcffcMSmi. A l ^lr4^^tS7"D7^1Jffl^ 
fcSmtlfcU 3KB««i:<oaattt*«|ftl±-tS. A 1 £ 

tfhiti. z\tii,zttL. a 1 s-frtrtst/o ? 

li. MliH? ofcflfefctJV^T t> «»S7"n „ fmcDWtm 

[0037] ifc. Z nmZJt&Zit&ZklzXOGa. 
Asa^?Mk I TOMiifOaaiFtt&lXAlSr-dtf 

[0038] Srfc. Z nJI<7)J¥,^tiJPWId #W^ttti 

is < =sr 4 mufih -» tz ifi. %crMWfnmmm\,z-x% 
Rare* o . i ti x o j?^ t &%8mam l < mr-r 

h. illlftjttttillitl: L^A6. «8Q£ 

[00 3 9] §A>t. rn>y^®Sr^^LT@HJ^r 
flBS fc t » ^ >"r >- ^"'ffl p mffi^Hfl i: r o -y ? ifco 

■y ^asaTattcji k> ^tmrnz x hmte^mizw. o 
*>nmtttfrmz£ o^«f u^*s*, i To^rk^s 

5 ^^Al^Sfi, 7 o -y ^Si: Lx^mzim-t 

I6LL3 fcft t=«HSJB fc H -7° Z n c7)^tc 
efc 0 . ®J7n >y ?M<vm&mT-t& Z. t tt*i\ vS 
14®fcb'-7^-|»ZnC0*(i. 6E 1 7ULhT't7'o-y 

&tfli!Htte>j&ftt# * L < * v ^. i/c. 5 0mA<0l 
[0040] *HiSO^®-C1i. Z n^M^<7)^(iffi 

fflx^s- - y ? u y ^^aiTjiiiwfcapjjw* c: t x\ m^- 



(7) 



¥fffl¥l 1-4 0 20 



4. ifc. ummommxiz. tf>7<y?'mmm<7> 

flMfcfcwc. Au(:i7fy/5:tT-5tV^. L*» 
U 'J7 h3T7*«*ife"C-#J(W-4 i k fc <fc 0 . «8&7* 
p -v 7 m<r>W.m k p t tf>WCR £ |6]_h$ -£ h Z. 

kiT'#£. 

[004 1] *ggfcefflHB(cJ: o#^^S-?^«t* 
SlffiBP ^iSfi/lKgit&^rft tcffi»S ft 4fBte«ll k R 

y h jk -< y^ L?tkr^. «aw)»3tat}*«o 1 3 o 

[0042]»:(:, 037bS05£#B3LTf£2<DllM 
[0043] 03 fc^ffc#&}fc^GD»Tffi£*U 04 

* ( % ) . tmtfm&mco* * y rmsx*> h . 0 5 

f. f§250/im«n-GaAslfilJ:t s ff£ 
0. 5 ^m«n-GaAsA' 7 7rll . JS§ 0 . 6// 
m<7)n- I n 0 . 5 A 1 0 . , P 9 7 -v 3 . J?$ 0 . 6 
*im(0p--In ) , s (Ga,., Al, ) 0 . 5 PvgttJI 
12, I§0. 6^mCOp- I n 0 . 5 A 1 „. 5 P?7-y 
H«5,flC§0. 0 1/<m£0p-GaAs^-S7?3 
y?? hJ16. /S§0. Oljum-0. 2um<7)n-l 
n 0 . 5 Al,,5 P^m^7*U-y?JI7£JI&MOCVD 

1 ivm<n9X7w?m7zmBLi o otatar+^fcua 

GaA s^-— 5 -y 7^y?7 YM^^^M^MZKm Z 
n&KSrfflWCJf$ 1 -4 nmcOZ n/18£^«U ^ 

UT#J 1 E- 3 t o r r <7)it£*T"A r klg5t£JE7Jit 
10 0: lWig^X^iAL, 1 5 0°C— 2 0 CCt 

j«RL*a*6 1 toi9 §rx^'>y ? y yymw.x*® 1 o 

0 nm«t«§-£fc. 

[0044] <Rt. n-GaAslSlOltAuGe 
ti29l:200nm, I TOl9iCAuI^l. 

2 ^ mJfeWSltfcgL A r +*>4 3 0 °CT 1 

^>r 4 y p 2 o * jgflg Lfc . m ~>T . *M ^ 

0 m^StWS . 7'W * y^fTV^HRfc^ttSS 
ftSH 1 (^W h ) tttHaJUf^KLfc. Ptl2 0t 
(4. (HS^f) 

7F13, iittill 2»'p1?77 KJf5(4. IS3fc® 

3 0*»JjW4. P112 0I1 mffi.7'v>y?m7<7)l3. 
HT+ifctilMStl. M#c7)Hfl^(4. «SE£*3»Jffl 



[0045] m±<7)J; o Ztihcvtmfamii'kTM 

ocvDmzx*)&f$.ztiz>. ww*. tmg. tm 

I. TMA^WSI^AsHa , PH 3 ^t'^yjc 

LTSi (y'jay) . pl^ICIiZn £ h* 

4. *&Ilj£AO&K{4. W7 0 0*CT*4. 
[ 0 0 4 6 ] 04 ^-r«4C P - vStt® 1 2(7)df A- y 
T^JS(4. 5E16-2E17c m-8<0«H3WaST<5 
4. vSttJltH-7-$^SpM^!HjkLT{4. mr^L 
^rZnJ^hfc. Cd. Ms. C. B&tcKifihh. 4 
^. 05^-rid^. iOKES6«(^63tJUi. n- P 
- - P M<7)^xo^itT'S) 0 . vStt® 1 2 {zm=F 3 1 ^ 
aASix4. Ltzifi^X. ffl&mnH 7?JJ±tf£:< 

[0047] ^t. 06 ^#MLT^30SIM^SS^ 

[ 0 0 4 8 ] 06(4. *WR<F>*m&mM=F*m.?t-TL 

1 3 4 y - h 1 4 ica g^-x h^rk*<o»«tt» 
mmi 5 zm^x^mfozmm? tiuvh) 1 o oo 

y - H 1 4^ y HSP 1 6 ^^-f 7* 
P«ffi(^KOajt«ffi) 2 0k'J-h*i7k*«SlW 
* 1 8 teJDUfcRSfK 13. y - H 1 4 O-gP. ««14S 

mmi 5. ^fr^Bt^i oo. h*gpi 6. ^y 
f^y/v-fti i. y — h i 7 co-^ZMstt& . z 
<nms&t±# 18(4. v yx^sy'fgfti^f i 

[ o o 4 9 ] 0 1 %&z^ti&*mi<?>*mtemm 
mmi. &waizmmttmziii®ztiz,%iim£kbm 

^O^Ttffi^^ 1 3 0%c0*>O*^#/o^. 

[ o o 5 o i mz. m7*mmLxm4(?)mmco&miz 
^xwm-th. 

[0051 ] 07 iz5iiZtLtz¥m#mUi. 0 1 (=^£ 
^Sk LT . HUJ^O A u G e mfig ( nil ) 2 9 tfl&& 

=7?v4 ><7XZW:-&hltrfX*Z h J; a *^a«tiB*# 

S2rfflV%T . T^E y KitC 1 4 gc7)<f 

SSr^tT. AuGemSE2 9±^Xi?7-f 7' (Xi77 
^7'7^y34) f»ifi*7x-A«^? 

7*BBk^fffl!l^3teBiffll^h732rJDiT^l' -y h# 
IRI^tf -?3t»», J^Rmiff*^!^ -y V i k ^-C'# 
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miM^m^- h 3 6 , 3 7 £5B Df+W\ i« 3 8 
5r^*>—h3 7<7)TfcfcV^T, 8tfM.frtiT 
v*8ri*«WMc*fl*rt-4 ? 9 y Fm±.X'X?74 7Ui/ 
3 4 fc*f LTff raH±iO{aa 3 5 fc:fir*i— h 3 6 
LT# y ?-7V- H 3 9 *&ir>tt*WLXX9 =7 A 
7v >f y 3 4 *>6 ^x-^SrOTf-f 4 . 

[0 0 5 2] Mil (pfS2 0»Lf; 

B) <Ott±j&*0^j£«f**K*I±S*fev^«^(i. ntl 
2 7^-otz^t. pI? 5 >y KJ1±T. 

nti29 1.COX 9vA7"7^V3A t,Zft LftMB Ji<7) 
Wlftrt" * fflBfc: , VAT^zVY $mn. 5gXX7?4 7 

(MX? 74 7") lffV^(X?7^77^^3 5) . * 
<7)f^##c7 x— JsirXf^jyyj y34 tCj'hTJ SrflD 

[00 53] Z n *8 £fc(=J: 9 3 

hJB6fc^H«ffi ( I TOM) 9 k^MHtat^eS^ 

B*^ 7t J: 4 ft** # a f7tv 
[0 0 54] i-5T. M-yb^ffomt. fl 

ftww<DTtmmmi>&n-cz ^zmmtfrn*^ -y h 

[oos5]»:t, ^m^mscommcomm^^x 
smth. 

[oo56iH8fc, #njfe<o«^fc j: h*mfaft%m 
=?cvm*)iiii,mw& (Pit) »#^¥BBtf>»jsxtf 
mmm&ZTFt. m 1 K^sfutsB 1 nmrnnmmizx 
hm=FX'\±. pi«2oii @bj?«® ( 1 tor) &m 

u ^mm<mmx'i±. Mffl«£&v^fn^»: 

KWBfi&SftTt^. icoiat. *>f-( >7mWM 
X'fch Ptl2 0 #?BEBOlS£Bj££*tT^&<y)T\ 

mtfimizMmztih. 

[0057] Z n)l£^&¥®#3BE3RlHCO^TfM 
W4. 09 ^3Pt^O»rB«iIS:Sr$\ »:$^2 
5 0/<m«n-GaAslI10±l:, S?0. 
«n-GaAsA 7 7r!K I§n-GaAs/n- 

In 0 . 6 Al 0 .5 PO^Tl 02t£>£>3:l>KItJl2. i? 
$0. 6;um<y)n- I n 0 . 5 Al 0 . 5 P^77KI3, 
f5l. O*imtf)ZnS:H-rLfcIn 0 . 5 (Ga U6 
A 1 0.45 ) 0.5 PVS14S4. ffS 1 . OjumCTtp- I n 
0.5 A1 0 .B P7?v FJf 5 . J¥S 0 . OlAtm^p- 
GaAst-$7?3^^ hS6Sr)«»:MOCVDa 

[0058]ig^T. GaAs^-S773^?hi 
6^1^*{CAuZn^I$-fflV^I§ 1~4 nm<7) 
Znl8^IfL, «tV^TH>lE-3t or rfl^Sif 



TA r KS^E^it 10 0:1 <Oj|^X U 
1 5 0°C~2 0 0"CtefllB&US:a*& I TOJR9 
* 'J V7Wm.Xm 1 0 0 n mt£«£^ . <KK . n - G 
aAsSI10lCAuGelffi2 9Sr2 0 0nm, I 
TOR9±tAuR*ftl. 2jum»jRtfe«. Ar^ 
^4 3 0'C-Cl 5^igRKUl£:frr>>t:. &fcll»l 

0 0//mlCAuR2:^^— — ^/Lt^yf-f >7f%P 

7'gs^j; 0 . arasj&»4> 1 5 0 jumAtw 

-y h ) 4E(c{O0r^1it^. pfS2 0(:ll 

*3S5ttJB4&VpS^^-yHJB5«. fBteil3 0£fll 

[0059] Znl^Stiikti'J, 5h-S>y 
YMk I TOJK<7)$&*tt#|e]JiLfc. 
. ^tB*> hxj^A 7l,zXh Wtf* Z'no W&erf- >y 
tr^". 7V4 ^vy-thV&vmix. MWttiftR&jfijz 

mizm^-L. xfyj 7X'm^mm-thzkt)^mt 

3r*i. Zne^/p^(»u(J3^W*ffiiK< : 5r 

1 k#^ift 5 nm^»l|i: S*VW$OBSflrC 

[0060] m.Ti l zm j ^h^WMcr>me^m9(7)mmco 

•c**.Hiifc,*6 conmnwrniz x h ^»*n^ 
wi^ii otc^-r. ssio i<7)m2cr>±mco$m 

±tC{S, 0. 5/xm(7)n-GaAsA' 7 7rll03, 
Jp§0. 7 6 /xmOn -GaAs/n- I n 0-5 Al 

0. 5 PO^Tl 0«*>4>J«*R»Jil 04. J5£0. 6 
AimCOn- I n 0 . 5 A 1 0 . 6 P^57h'I10 5. SS 

1. 0//mOIn 0 . 5 (Ga 0 . 5 Al 0 .» 5 ) c . 5 Pv§14 
J1106.JS£1. 0um<7)p- I n 0 . 5 A 1 0 . 5 
77KI107, ff§ 1 . O^mc7)p-Ga 0 . 2 A 1 

0. 8 AsWffiMMm 108,ff$0. 01/x mtOp - G 
aAsrjy^^bill 0 9. I¥$0. 2.umc7)n-In 
0.5 AI0.5 1 02r. ICMOCV 

DifetcJ:6jR*S*T^<. 

[0061 ] § jMKB«t=ffi^&*^n -y ^ 

1110*. ^jtttMttwaufx.y^^^'swsfflv^-c 

y\^--^-t^. ClixtciO. Il*«12 0^mti 
110 lC0im<P#:! l Z{iLW3-hn$&7n>y?mi 1 0*i 
®^^ix-l>o mm.7uv7mi lO^ny^^M 
1 0 9OfcBB^f*tfc. BMk^f^^A ( I n 2 0 3 ) - 
mm (SnOj ) (mT. ITOt^)I112S; 
MJl^l 0 Onmt«^ t iOll 1 2ti. »1 
E-3 t o r r<0Hffi+T. A r tiii: $-JE7Jlt 1 0 
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0 : m$Ll OUgftl 5 0~ 
2 0 0 Areas* LTXK-y* u ym^tcj; 9 if 

[00 62] ITOI1 1 2^ffl±C, AuMl. 

-^NWJiLSjWKl OOjLtmfci&J:ot:JnX-r-&. n- 
G a A sSI 10 1 CDgl 1 ?)±B<7)Sl®±&;r. A u G e 
nt!102^200n m0>WfVWti.ti 
A rO#H^,4«T^ft4 5 OmX'm 1 O^SiftM 

7 lOJOk-BO'hSVMfi: 
ilOOjum^^tAu^-yL plill 

[00 63] 02 0£. &&mi0 6bW.WL7vv?m 

1 1 0 fcOHoSgitt. Whp-7? v Fl7WtSjli 
SfcJIl 0 8OffiU¥<7>£fHii:. 563ia»^4:<OW«^ 

•r. i toii 1 2 if&&-f%> zbizj:*)^ m=?&%- 

i a fc&iFSfl* . I TOM 1 1 2 & 

Kt-j-r fc. 5-7 PLm^w-^mmm.m i o s £tstt 

[0064] t*> l . i ; ^m^awf fcEpflnS 
i^D7?n i oiOT^ma^iiioa 

A*WR]B£j5£ . *£t\ vSttJf 10 6 i:«oS7*a -y 

? m 1 1 o t co^mmtmm^mm t % s . ^ <ogp^ 

[00 65] at. mam loe tmgrrn 7 ;iii 

0 b comcomm* o . 3jumOT, sp*>c: coiacusat; 

SUM 10 8 7 -y h'Jl 1 0 7 <?)?titt?&th 

i o fc-TI. . Pill 1 3 -f y^Sr^o fc t 

[0066]£?t. In,. 5 (Ga,., Al, ) 0 . 5 P 
&<0*&fli: WRgROHSr* G a A 1 A s m&ficJl 1 0 
8^3//mJ2UJgJS-rSfc, fflSSWfLT')!-'^ 
1 5 0//mjaTt*4iacjnXL. X?7-f 

tfTOT-Tft. S'bfcti. ITOI«$^lTV^$f 

1 0 6 'veo - v £ ggft- htilsbiz^ ftfem 10 6b 
mWL7v>v?mi 10t^^l~2jumfi$mfc< 
H b &M£ L\\ I3Ut«*W L . ±IE3S 1 <0SStt 

^SR-cussttJi i o 6 tzmfa y ? m 1 1 o t offi 



&o. 3t*m^3um<?>$mnb-r&. 

[0067] 112 A^Z^tLtzm.^m^zm'ir^'y 
Xb?m%)mbCDMi%Zm2 1«3J|L2C*U 

mfiMm i (vmmco&mttztm&i- v x^sae 
swsi:*>M«£iKL i tc^-r. ftsfooseptt. i tou 

& . ^nc» L . *HJg^®T1i 2 5 0// mJjTFfc: L 

[0068] *^co|^8<0||]|te^®tCOV>T. 0® 
*fflv^TKWr&. 01 2t^$iX7tJ;dfc, *HSfe<7) 
jfBSfi:. 2 lc7)||2£7)±®±tc, n-GaAsA 

•y^rJ1123, n-GaAs/n - I n 0 5 Al 0 . 5 
P<7y<Tl Ottfrt>J&&%Mtmi 24. n-In 0 .5 A 

lo.5 P^77FI125, In 0 . 5 (Ga 0 . 5 Al 
0.45)0.5 PVS14J112 6. P-In,, 5 Alj.6 
77^1127, n-In,. s A 1 0 . 5 P«8SErn-y^ 
1131, p-Ga 0 . 2 Al,., Asm^fii;^Jil2 
8. p-GaAsrjy^^ bJll 29. ITOH32 
&X/t>m 1 3 3 *<Ji|BfcrJBj£$*i.T*$ 0 . 1 2 1 <7) 

[0069] m7<7>mm<mmbimL. *mm<vmm 

litST'o 7^113 1^7 y HJi 1 2 7 fc*8H£»[ 

iii 2 8b<7)mzmft>tix^z,&t)mM-?z>. *mm 
<mmrci±. mmm.m 1 2 saror/n 7^1131 

jb 1 3 1 i; vstt® 126k <om<7)$mzm 1 <vnm<m 

[0070] *%wcDm9cDmmcr)mmte. m 1 5 

Bi«jS*«i.Tv^. *9m<7)&mi,zJ:&%zm=?ii^ 
a«14 1^2«±ffl±t, n-GaAsA' 7 7rl 
143. n-GaAs/n- I n 0 . 5 A 1 0 . 5 P^^T 
10»*»6KiSa*JBl44. n-In 0 . 5 A1 0 . 5 P 
?77K1145, In,, s (Ga 0 . 5 Al 0 . 45 ) 0 . 5 
PvSttiil4 6. p-In,, s AI0.5 P?y-yVmi 
47. p-GaAs3y^?Ml48. n-In 0 6 
Al 0 .5 PlS7'n7?ll 5 1. ITOil52&^ 
P Mm 1 5 3 A*WMt^$ilTi3 0 . 1 4 1 OSS 1 

[0071] msBfessa^Ktt^^T 
v*m8crmmeommb mmiz . mgsxa -y ^® 

1 5 lkvS1x®l4 6k^ra^SgS»4. 0. 3/imA^ 
3/*mOffifflrtfc:i&5££*'i&. *HJg^®^J;fLa'« 

vMiT> x 0 Office cfc 0 W[fii±*^ 

kw. fiu *f jLED7y7ftis.atfig 
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[0072] #2pjo!j5 i o commnMi&iz'o^x . -e 

tOTHfllJS* jjvfEl 1 7 &tf 0 1 7 fcfc E - E mz 

Wfcl 6 l<0ffS2O±ffi±£. n-GaAsA'7 
771163, n-GaAs/ n — I n 0 . 5 Al 0 . 5 P 
<0^T1 0*ta»fcj£$RltJil 64. n-In,. 5 Al 
0.5 P?57t«1165, In,. 6 (Ga 0 . 5 A 

1 0.45 > o. 5 PVS14J1166. p-In 0 . B Alo.g P 
?7>yKJ1167, P-Ga u A 1 0 . 8 As«8M£K 
1168, p-GaAs3y??Ml69, n-In 
0-6 Al,,, PtaE^07?I17 1, ITOI17 2 
a&tfp«ffil 7 3#JGC»J££*IT*$9. £K1 6 1 
com 1 <0±ffi±fc{4 nil 16 2 immztix^z . 

[00733 *HSSOW4. I TOM 1 7 2 a^Sgp 
fr\ -t^THtStt^iiJtn b« l 6 9^«sSaS; 
Ml 6 8^«ffiJ:9fcrtffltefMEL, 3>-??hJf 

1 6 9<7)mm.ucr>mwi 7 4 a^mtatx^^^zwrn 

ifii>&. vSttSl 66t^77H1165, X(ivStt« 
166k:?7-yh'Jil67k<9lScOpnig-&-gBk. IT 
Oll72at OlBJKaHEttWMWlW*. ii\ X ? 5 ^ 7' 

^GaAs^ x^##-r 5 fc s immmiJ s ± l 
h. Lfrt, *m<7)iffi^ i. o tz . i Ton 

7 2a (OSBa^a V^^M169 ^tttt£j£1&Jf 1 6 8 
LX-f-y 7lMKCti*EjW5 k ^ k'EP 
k#3r< E S DWE^mo^^ffiMS-tt-S i btf&& 

[0074] 1 1 commcommn. m 1 6 tc 

^s*ufc±iES& i o vmtmmmt mmtewmmmfcz 
mix^&tiK s Fwmmtfm%->x\'>&. mi oomm 
commxn. mi 7 iz^titzi o iz 1 toi 172a 

w^T'tiH l 8 iat:, I TOU 7 2b 

*TO<D»»#£*U I TOI1 7 2b£f--y7V) 

Hmtettav>jeaa%feu HKo^#^a§B a BXP§# 

(4. I TORI 7 2 b<^SSa5j&«f--yr^)iaB*»4>»h.-C 
H5fc«>. ITOI1 7 2biOSB»fcJB:to^fflU 

fc^f&ftLT^&^tf?, mfc^T#»£Lfc 

[ 0 0 7 5 J fgl 1 ^)iat<OJBJBTtt. 12 1 8(C^S<1 
^ J: 9 1 1 TOI 1 7 2 b AfliMJ f LTV^S . L 
*»L. Hi 9fcS3*ufcJ:3fc:l TOIl 7 2cli^ 
J&mtttLX^XtX^. Z<7)H&t,Zi>. ITOI1 



7 2 c<7)ffi&$:-}-v7°<7)mmfrt>mtZi:tfX'£Z>e) 

x\ m^mfiffifenfti.iz&s--? hzt ^mxh $> . 

4 ^ » mm 7 -mn commco&miz x & 

at? « , v vr*t t h 6 § ax*: «t a fc¥9«fcfBKi£B 

[00763 iMLtzmmcomm^i—mxh-ox. 

UiiWni k «8Q£jftJB k 4>IB!fc:*3K fcS&fi^ <~t& 

tztbiz. mza>??bmwmft>tix^&. u>>u 

[00773 ±iESIJt«0®JB"Cti In,,, ( G a, A 
1, ) Po.s 3M££k$:m-&i§&LED£ttmbLX^ 
S. L^L. tS&m<DAl<DimZ$£t&ZbT. 
*>4»*Sfe0^3tfe^*-ri> L E D b -t & Z\ b fc ^TiBT* 
4. JilEHJ&W^TIi^yV^xna^I n 

0.5 (Ga H Al, ) P 0 .5 *»SaT«jSS#lT^& 
#W'f>ifetWGaA 1 As^ B B H t«U 

[0078]ft4V^ll ±l5»6^«T14^k LT 
n-GaAs^ B a B 2r^-ri»^^S:fflnTV^|> 0 LA 1 

p-GaAs,w B ^ni«jsii, -eoa 

[007 93 *^ n-GaAsIM B B B ^«M?: 
fflV M G a A s 3 y ^ ^ Mfr'p Ifft S^fciJ , I 
TOUkGaAsuy^^ bmbomm&tr&tb&tztb 
IZ^ f«Oft:Au-ZuI^. XliAu-AuZu^ 

[0080] jSH^m^k LT. JJEIWO»JII'Cti I T 
OJH£ffl^TU&#\ iitfcBR^-fZnOJS. SnOl 

mcom<vwnfrt>f&&i>cr)t:m^^xi>£^: 

[008 1 3 *J ii—;\frl>i- >v7°£'ftMZ J £$>b # t,Z 
[00823 

ie«^*{i i ^ i k tc «t o SBms k os?*tt#iS]±-r 
TJi>$-vj>.(vMttmtf&f&2tixw.ffi.7'v -v9mcr>m 

fcJ:9*-$ y?=jy?? Ml k ITOii:0?5itt& 
IXA 1 Z'ktsW8fi.7'V'y7mb I TOffik^aptftt^S 

4>fci*i±t-4. zntztb. mffifrhxtjjyi.zxhw 
ix, Mwtiw*miz&mzti. x?7-(7'xm z ?zBj&. 

m iz v -7° Ltz z n coi&mz x h «g£ 7-a y 9 mcomm 
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[0083] ^mfaztmTnwgimizis^x . z n 
[ o o 84 1 ttz. *muz ztum&mkwszyz} > y 

X£ffi/h Lfc^fc l>m \> Sit , 

[0085] aoB«ffiOSSBffl^^ vzre>W»£ 0 t> flffll 

[HI ] 1 J: ^fiftM* 

[02] isi^^^m^o^B^^-r^ffiH. 
[H3 ] *m!McDm2<7)mm<7)&mi,zj: &*mwmm 

[04] H^fr^S^^S&^O^ttJi^Odf^ 
[115] ig^flsfbtSR^^NVHflBSE^SttlJlBBE. 

[H6] *m\<nm3vmm<mmizj:&^w&m 
[07 ] ^wmmA(^m<mmzk h^mwmm 
[ h 8 ] -*wn<r>w, 5 (vmtm&miz x s ^flcs^e* 

[09 ] *5^BB^m60^ife<7)^®tJ:S##^3tS 

[0io] *%tycoM 7 <T)mM<mmz x s *mva&b 

[011] ifi»M«f(0fK*tTII. 

[01 2.^ ^wmms<7mm<mw<ziih^mwmi 

[01 3] |5l^zi*^»^tfO i Fffi*^ i Fffi0. 

[014] *wn<r>m 9 <nmm<7)Mmiz x h*mwmt 

[01 5] m^temm^vw-mz^-tw-mm. 
[01 6] *%m<?>mi o^mm^mm^zxh^mwm, 

[017] H^frfBiaR^tVFS^^-tTiBH. 

[018] *%.w<vmi lom&ommizx &*mft& 

[019] i5i^ftfBtsi-?fcfctt-s.n^^$-^i-s 
i Toj8*&ftBtz$z£tei§,&co¥m*7fi-r s ?-mm. 

[020] ±fE»7i0||jfc<^^k«*«0^NWItfBt« 

[02 1 ] ±Md&7 <^mm(r>mmt^<^mmm 



[022] mtcv^ftmtm^nmf&zm-tmmm. 

[02 3] ig^ttSS^^S^^SffiB+tf)* 
[02 4] «awffi^^*f63^^^JS*^BnB 

0. 

[^^BJ] 

1. 27. 103. 1 23. 143. 163 n-Ga 
ASA*7 y r@ 

2. 26. 104. 1 24. 144. 164 n-Ga 
As/n-In,. 5 Al 0 . 5 PW^Tl OttW 

mm 

3.25.105.1 25.145.165 n-In 
0 .5 Al,.5 P^y-y^m 

4. 24. 106. 1 26. 146. 1 66 n-In 
o.5 (Ga H A 1, ) o.5 PvStt® 

5. 23. 107. 127. 147. 167 p-In 

0.5 A 1 o. 5 P^77K1 

6. 21. 109. 1 29. 148. 168 p-Ga 

y?ay?7 hm 

7. 110. 131. 151. 171 n-I n 0 . 5 A 

i o.5 p<vnM? v>y?m 

8 Znl 

9. 1 1 2. 1 32. 1 52. 1 72a. 172b M 
WWM ( I TOM) 

10. 101. 121. 141. 161 n-GaAs 

mm. 

ii ^yf<^7^ 

12 p - — In 0>5 (Ga 0 . 55 A 1 0 . 45 ) 0.5 PStt 
* 

1 3 mm 

14.17 y— H 

1 5 mm 1 

1 6 

18 fflflgiMitt 

20. 113. 133. 153. 173 AutKp 

mm) 

2 2 P-AI0.7 Ga 0 .3 A s MZnitfeffliM 

29. 1 02. 1 22. 142. 1 62 AuGell 
( nil) 

30 mtm 

3 1 m& 

3 2 *-JV 

3 3 7x;l^5K;W 

3 4.35 ^y^i 7"7-f y 

3 6. 3 7 

3 8 

108 p-GaA 1 AsWffiMfflS 
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[01] [02] [03] 




10« 6 10" 10" 

P -SttS+r 'J T&&. ( cm 3 ) 



[08] 



[07] 



,35 



TP 9 



v/sx 



20 ^36 

r , ....... j 



YZZ2L 



ZEZ 



^8 
5 
3 

1\f 



37 



1 



30 



'38 34 





(13) 



ftmw-i 1-4 0 20 



[09] 



[HI 0] 



[01 1 ] 



4z 



20 



S S \ s 



^9 

.a 

-6 
-5 " 
^-12 
-3 
-2* 
A 
10 
29 



30 



[HI 2 ] 



,113 

i — h /- 11Q 



112 



^112 
-109 

-108 

:^107] 

*^10G^ 
— 105j 



100 



-104 
-103 



101 

3--10? 




133 



1+ 



131 



^132 
.129 

.128 
.127 



4-^125 
124 
123 



) 



120 



-121 

-122 



[013] 



[014] 




[01 51 



152 




[01 6] 



1T2aXI*172b f 173 , n 



_169 

.^168 
167] 

~16sJ 
.164 
-163 

^161 



160 



174a. . 
E 

t_ 



[[217] 



169 



A f3 



171 



.172a 
E 

J 



3-162 



[mi 8] 



174ii< 



172b 




171 
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[01 9] 



[020] 



172c 



174c — 




1 n 



1.0 

% 0.5 
0 




1 2 3 4 5 8 

ffitts-Btfsrny ?mmu>&m cum) 



[02 1 ] 



[022] 



0.5 - 
* 0.25 = 
0 




0 100 150 200 250 300 350 400 
v 7 V A X (umO) 
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[023] 



[024] 



o o 

o ° o o o Q ° g ° 
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,210 
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